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The wavelength dependence for 8-methoxypsoralen 
(8-MOP)-sensitized inhibition of scheduled DNA synthe-
sis was investigated in the epidermis of albino hairless 
mice. Topical (0.1 o/o ) applications of 8-MOP followed by 
exposure to narrow bands from a monochromator in the 
range of 300-380 nm produced a dose-dependent inhi-
bition of DNA synthesis. Prior treatment with 8-MOP 
did not alter the dose-dependent inhibition of DNA syn-
thesis following exposure to 300 nm and to 310 nm. By 
contrast, DNA synthesis inhibition following exposure 
to UV A wavelengths was seen only after treatment with 
8-MOP: An action spectrum, constructed from the dose-
response regression lines, showed peak effectiveness at 
335 nm. Since the therapeutic usefulness of psoralen 
photochemotherapy may be related to inhibition of cell 
proliferation, it is suggested that light sources with peak 
emission in the 335-nm region would be more efficient 
than the commonly employed UV A blacklights. 
IL is widely recogni zed that pso ra le ns, in t he presence ofUVA 
ca n photoreact with pyrimidine bases in DNA to form cycl o-
butane type adducts. B ifu nctional psora le ns s uc h as 5-meth -
oxypsorale n and 8- meth oxypso ra le n (8-MOP) ca n a lso form 
cross- links be twee n opposite DNA s trands through reactions 
involving t he 4' ,5' a nd 3,4 positions o f the furocoumarin mo l-
ecu le [1 ,2 ]. These les io ns a re co ns idered hi ghly injurious to 
li ving ce ll s and a co rrelation has been found between the 
amo~nt of DNA photoproducts form ed a nd s urviva l [3]. The 
mechan is m(s) by which pso ra le ns exert their photobiologic 
effects is not c lea r , a lthough it is like ly t hat t he observed 
inhibition o f sc hedul ed DNA synthes is in vivo [4,5) is related 
to the photoreactio n s between psoralens and DNA. This action 
presumably a lso explains the obse rved therapeutic effect of 
psora le n photoc hemotherapy in diseases c haracterized by hi gh 
ep idermal pro life rative rates s uc h as psoriasis [6]. The relative 
co ntribution of monoadducts and c ross- links to DNA synthesis 
inhibitio n is not known, but the bulk of ev ide n ce to date 
suggests that b ifunct ional p sorale ns that are capa ble of forming 
cross- links a re photobio logica lly more active than monofunc -
tional psorale ns, at least with respect to cell lethality [7 - 9] . 
In view of the current widesp read use of pso ra le n photoc he m -
othe rapy a nd the renewed interest in the m echanisms by which 
psoralens exer t their effects in vivo, it was co ns ide red worth-
while to examine t he wavelength dependence fo r 8-MOP -se n -
s iti zed inhibiti o n of DNA synthes is. 
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MATERIALS AND METHODS 
Animals 
These were 10- to 12-week-old male hairless a lbino mutant mice 
(Sk h:hairless 1). The anima ls were housed individually in compart-
mentalized stainless steel cages and given tap water and commercial 
food ad libi tum. The animal room was illuminated during daytime 
hours with subdued yellow light ing (F40GO "gold" flu orescent bulbs). 
Irrad iation. Sys tem 
A 5KW compact xenon arc lamp vert ica lly mounted in a lamp-
housing a nd cooled with forced air was used as the light source. The 
collimated beam was directed onto a predispersion prism and passed 
t hrough a wate r filte r before impinging on the ent rance s li t of a high-
in te nsity s ingle-grati ng monochromator with a n ofT axis Czerny-Turner 
mount (SchoefTel inst ruments) . This instrument was equipped with 
adjustable s li twidths and a grating blazed at 300 nm . The dispersion 
was 3.:3 nm per mm and a ll exposu res were given at a half-power 
bandwidth of 6.6 nm. The exiting beam was deflected at 90" by a mirror 
a nd projected onto the surface of the skin wit h quartz lenses to provide 
a uniform l em-diameter circle. In tensity at skin level was measured 
with a calibrated thermopile a ttached to a Keithly millimicrovoltmeter. 
Experimental Design and Procedu.res 
Following sedation with i.p. injection of 0.2 ml pentobarbital (10 
mg/m l), eac h a nimal was fastened with the extrem ities extended onto 
an 8 x 14 em piece of cardboard with masking tape. Three 1.1 em-
diameter circles were then outlined over the midback with marking 
ink . T en microliters (two 5-u l a liquots) of 0.1 % 8-MOP in absolute 
ethanol we re then delivered t.o each site with micropipettes. Six ty 
minutes la ter, the sites were individually irradiated through a 1.2 em-
diameter circul a r opening in a sheet of a luminum foil which was 
wrapped a rou nd the entire a nimal. Three doses at each waveband were 
given to each animal. Approximately 5 h after iuadiation each a nimal 
was given 50 I' Ci of tritiated thym idine i.p. (sp act 77.2 Ci/ mM) in 0.2 
ml sa li ne. The a nimals were sac rificed 60 min later by cervical dislo-
cation and the treated sites excised, stretched on 2 x 2 em pieces of 
paper, a nd fix ed in formalin. Paraffin sect ions (6 I'm ) were t hen 
processed routinely for autorad iography. An adjoining 8-MOP- or 
solvent-trea ted site of the dorsal skin which was not irradiated was 
also excised from each a nimal a nd served as a control. Heavily labeled 
basal ce ll s were cou nted in the in te rfollicular ep idermis. A tota l of 
2000-2500 basal ce lls were counted in different sections at a magnifi-
cation of 400X from each site and the percent reduction in t he number 
of DNA synthesizing cells in relation to the control wa. calculated at 
eac h dose-point. For t.he dose-response studies, 5- 6 a nimals were used 
at each waveband after the appropriate dose ranges were determined 
in pi lot studies. DNA synthesis was also investigated in 8-MOP-
se nsitized skin followin g irradiation with 350 nm and in unsensitized 
skin fo llowing irradiation with 310 nm at 6, 15, a nd 24 h after exposure 
to each waveba nd. 
RESULTS 
Time Course 
Fig 1 s h ows the change in DNA synthesis activity at 6, 15, 
and 24 h a fter a single exposure t o 200 mJ /cm 2 of 310 nm in 
unsensitized s kin and in 8-MOP-sensitized skin exposed to 200 
mJ/cm2 of 350 nm. Inhibition of DNA synthes is in sensitized 
skin does not appear to change significantly within the first 15 
h a fter irradiation, but increased to about 80% of normal by 24 
h. B y contrast, rapid recovery of DNA synthesis occurred in 
unsen s itized s kin exposed to 310 nm, whe re the activity had 
re t urned to normal levels by 15 h . 
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FIG 1. Recovery of sc heduled DNA synthesis foll owing single ex-
posures of normal sk in to 200 mJ/cm2 of 310 nm (e__.) a nd to 200 
mJ/ cm2 of 350 nm in s kin pretrea ted wi th 8- MOP (X - - - X) . Each 
point represents t he mean of 5 determinat ions± SO. 
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TABLE I. Linear regression parameters 
Standa rd Y inte rcept S lope Corre lation A nm erro r of (A) (B ) 
estimate coeffi cient 
300 -67.6 82 .9 15.5 0.88 
300 + 8- MOP -73.9 36.7 16.4 0.89 
310 -171 .4 31.5 7.8 0.98 
310 + 8-MOP -1 77.8 31.9 6.5 0.99 
320 + 8- MOP -193.3 37.0 9.7 0.96 
335 + 8-MOP - 69.5 21.6 6.7 0.94 
350 + 8-MOP -98.2 21.4 10.0 0.87 
365 + 8-MOP -146.8 24.8 17.2 0.78 
380 + 8- MOP - 23 1.5 :3:3 .0 4.5 0.98 
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FIG 2. Dose- response lines for the waveband centered at 300 nm in 
u nsensitized a nd 8-MOP-sens it ized anima ls. 
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Dose-Response Studies 
Analysis of the data suggested that the percent inhibition of 
DNA synt hesis was linearly related to log UV dose. Dose-
response lines were determined by regression analysis using a ll 
individual data points (Table 1). Fig 2 shows dose-response 
regression lines for the waveband centered at 300 nm in two 
groups of animals, one of which was sensitized with 8-MOP. 
There was no significant difference between these lines, sug-
gesting that no sensitization of DNA synthesis inhibition had 
occurred . Similarly, no photosensitization seems to have oc-
curred at 310 nm (Fig 3). At 320 nm, however, no inhibi t ion of 
DNA synthesis was observed in the unsensitized group of 
animals with doses up to and including 800 mJ/cm2 (Fig 4). 
Inhibition at 320 nm and at the remaining UV A wavelengths 
was seen only in the presence of 8-MOP and not in unsensitized 
normal skin in the dose ranges shown . The dose-response 
regression lines for t he remaining UV A wavelengths are shown 
in Fig 5. The dose required for 60% inhibit ion of DNA synthesis 
was determined from the lines and used to construct an action 
spectrum (Fig 6) . Maximal inhibition of scheduled DNA syn-
thesis occurred at 300 nm and was similar in 8-MOP-treated 
and in untreated skin. 8-MOP-sensitized inhibition of DNA 
synthesis, on the other hand, was seen in t he 320- to 380-nm 
range with peak effectiveness at 335 nm . 
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FIG 3. Dose- response lines for waveband cente red at 310 nm 1n 
unsensitized a nd 8-MOP-sensit.i zed anima ls. 
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F IG 4. Dose- response lines for the waveband centered at 320 nm in 
8- MOP-sensitized (.__.) a nd in unsensit ized (e - - - e ) an ima ls. 
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F IG 5. Dose- response li nes for UVA waveba nds in 8-MOP-sens i-
t ized sk in . 
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F IG 6. Action speclrum fo r inhibi t ion of scheduled DNA synt hes is 
in vivo in 8-MOP-treated (0----0) and un treated (X - - - X) sk in . 
DISCUSSION 
T he wavelength dependence for skin photosensit ization by 
8-MOP has been a subject of some in terest in the past. T he 
widespread use of psoralen photochemotherapy for the t reat-
me nt of psor ias is and other dermatologic di sorders has gener-
ated renewed inte rest in thi s area . Earli er repo rts by Buck et 
a] [ 10] and by Pathak [ 11 J indicated t hat t he effective range 
fo r the induction of delayed erythema was between 320- 380 
nm, with maximum sensitivity at 360 nm. By cont rast, Owe ns 
et al observed that t he action spectrum for erythema in gu inea 
pigs give n 8-MOP ora lly peaked at 330 nm (12]. A simila r 
observation was later made by Nakayama eta!, who used topical 
8-MOP on guinea pigs [ 13]. More recen tly, Cripps et a] re-
evaluated the action spectru m fo r de layed erythema in human 
skin following topical sensitization and confirmed t he peak 
sensitivity at 330 nm wit h 8-MOP [14 ]. 
T he therapeut ic usefulness of psora len photochemotherapy 
could at least be pa rtially attributed to inhibit ion of cellula r 
proli fe ration.lt was therefo re desi rable to investigate the wave-
length dependence for this effect di rectly in mammalian epi -
dermis. T he present findings suggest t hat 8-MOP sens it ized 
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inhibition of scheduled DNA synthesis occurs in t he 320-380 
nm range wit h a peak at 335 nm. T his is in general agreement 
wit h other in vivo-derived action spectra fo r 8-MOP and UVA. 
Young a nd Magnus reported a similar effective range for sen-
sit ized sunburn cell production in t he hairless mouse and 
obse rved peak activi ty at 320-335 nm [15]. Freeman and Troll 
found that t he effective wavelengths for eye injury in 8- MOP-
sensit ized gu inea pigs lie in the 320- 340 nm region [16]. Using 
hair growth inhibition as an indirect measure of prolife rative 
activity, J ohnson and Bryce a lso found a peak effectiveness in 
the 320-330 nm region in mice orally sensit ized by 8-MOP 
[17] . It should be mentioned that a disadvantage of using 
threshold doses fo r t he determination of action spectra, as in 
the latter two studies and in studies of delayed erythema, is 
that dose- response relationships at various wavelengths cannot 
be explored. 
The present findings also indicate that 8- MOP does not 
enhance t he effectiveness of UVB wavelengths in inhibiting 
DNA synt hesis. Earlier observations by Owens et al indicated 
that 8-MOP significantly reduced t he delayed erythema thresh-
old dose in gu inea pigs at 280 nm and at 300 nm [12]. It is, 
however, noteworthy t hat the waveband centered at 300 nm 
was more effective t han 8-MOP and UVA wavebands in induc-
ing DNA synthesis inhibition, at least at 6 h post exposure. 
Furthermore, it is quite possible that the mechanisms by which 
UVB and 8-MOP + UVA inhibit DNA synt hesis are di fferent 
in view of the dissimilar recovery patterns observed fo llowing 
irradiation (Fig 1) . T hus a lt hough DNA synthesis was equally 
suppressed at 6 h post irradiation , recovery from 8-MOP + 
UV A was signi ficant ly slower t han that fo llowing exposure to 
UVB (310 nm ). T he apparent lack of sensitization by 8-MOP 
to the UVB wavebands should therefore be viewed with caut ion 
since DNA synthesis was assessed at 6 h post exposure. It is 
conceivable that the t ime course of inhibit ion following 8-MOP 
+ UVB is differen t from that of UVB alone. 
T here is good evidence to suggest t hat suppression of DNA 
synthesis by 8-MOP and UVA is related to the formation of 
both mono- and di adducts to DNA, which in turn may lead to 
inhibit ion of replicon initiation [18]. 8-MOP-DNA photoad-
ducts have been identified in vivo by several techniques [19]. 
Ley et al [20] and Cech et al [21 ] detected 8-MOP-DNA cross-
links in the epidermis of hairless mice and guinea pigs, respec-
tively. Most 8-MOP-DNA lesions formed in vi tro however are 
monoadducts rather t han cross-links [22]. Recent work indi-
cates that the two isomeric forms of the furan-side 4' ,5' mon-
oadduct rather t han the pyrone-side 3,4 monoadduct are the 
principa l photoproducts fo rmed by irradiation of DNA and 
pso ralens in vitro [23,24]. T he pyrone-side adducts are probably 
"dead-end" products which do not undergo fur ther photoreac-
tions to yield cross- links [24]. Hence the furan -side monoad-
ducts are the main precursors of cross-link formation. There is 
evidence to support the notion that psora len-DNA cross-links 
are the crit ical lesions that lead to DNA synthesis inhibit ion. 
T he recent ly described action spectrum fo r DNA cross-link 
formation by psoralens [25] closely overlaps severa l psoralen 
action spectra, including t he one presented here. There is a 
good correlation between the observed action spectra of psora-
lens in ge neral and t he absorpt ion spectrum of the 4',5' mon-
oadduct which shows a peak at around 330 nm [26]. The latter 
adducts have been shown to t ransform into cross-links with 
continued exposure to longe r UV A wave lengths, wit hout a 
concomitant change in t he amount of t he pyrone-side 3,4 
monoadducts [24 ]. F inally, bifunctional fu rocoumarins are far 
more effective in inhibit ing DNA synthesis in cul tured cells 
t han the monofunctional psoralens such as 3-carbethoxypsor-
alen and ange licin [18,27]. 
Almost all blac klight t1uorescent bulbs employed in 8-MOP 
photochemotherapy have emission peaks a round 350-360 nm. 
It would appear from the present flndin gs that such lamps 
should be ineffi cient in inhibi t ing DNA synt hesis and cellular 
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proliferation. Although the action spectrum for 8-MOP-sensi-
tized clearing of pso riasis is still unknown, it would seem 
reasonable to employ lamps wi th peak emission in the 330-335 
nm region. 
The expert technica l help of Dorothy Ca mpbell is gratefully appre-
ciated. 
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